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ABSTRACT

DIFFERENCES IN MAXIMAL SPEED RUNNING
BETWEEN BASEBALL PLAYERS
AND SPRINTERS

Erin K. Robinson
Department of Exercise Sciences
Master of Science

The purpose of this study was to examine the differences in technique between
sprinters and baseball players while running at maximal speeds. 20 male NCAA Division
I athletes participated; ten members of the track and field team specializing in the 100 m
or 200 m sprint or the 100 m hurdles and ten members of the baseball team. Each subject
performed a maximal effort 80 m sprint while their sprint times were recorded every 10
m starting at the 20 m mark. Each subject was filmed at they ran through a set10 m
marking that included where they reached their top speed allowing the camera to capture
at least one complete stride. By using the Peak Motus System, each subject’s minimum
knee flexion, minimum hip angle, knee extension at toe off, contact time, stride length,
center of mass at touchdown and shank angle were measured. ANOVA with repeated
measures found that sprinters and baseball players display significant differences in their

sprinting technique in all variables except shank angle with the sprinters displaying a
shorter 10 m split time. It was concluded that proper sprint training during baseball
practice could prove to be beneficial to baseball players, however, further research would
need to be conducted to support this claim.
Key Words: Peak knee flexion, peak hip angle, knee extension at toe off, contact time,
stride length, center of mass at touchdown and shank angle.
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Abstract
The purpose of this study was to examine the differences in technique between
sprinters and baseball players while running at maximal speeds. 20 male NCAA Division
I athletes participated; ten members of the track and field team specializing in the 100 m
or 200 m sprint or the 100 m hurdles and ten members of the baseball team. Each subject
performed a maximal effort 80 m sprint while their sprint times were recorded every 10
m starting at the 20 m mark. Each subject was filmed at they ran through a set10 m
marking that included where they reached their top speed allowing the camera to capture
at least one complete stride. By using the Peak Motus System, each subject’s minimum
knee flexion, minimum hip angle, knee extension at toe off, contact time, stride length,
center of mass at touchdown and shank angle were measured. ANOVA with repeated
measures found that sprinters and baseball players display significant differences in their
sprinting technique in all variables except shank angle with the sprinters displaying a
shorter 10 m split time. It was concluded that proper sprint training during baseball
practice could prove to be beneficial to baseball players, however, further research would
need to be conducted to support this claim.
Key Words: Minimum knee flexion, minimum hip angle, knee extension at toe off,
contact time, stride length, center of mass at touchdown, shank angle.
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Introduction
A variety of athletic disciplines require athletes that can “run fast”. Track
sprinters and baseball players are two different types of athletes that not only implement
running fast, but also sprinting. Sprinting is a separate form of running, with distinct
differences in technique from just running fast. Sprinting is associated with power and
speed; whereas, other running is often focused on maximizing economy. According to
Alston and Weiskoff (1984), speed on the base paths is a dominant factor in baseball.
They stated that the speed of the baseball player will change the defensive alignments by
unnerving the pitcher and the fielders, and by forcing the pitchers to throw more fastballs,
which gives the batters better pitches to hit.
Sprinters exhibit high speed and explosive movement as they run down the track.
This researcher found, through talking with baseball players, that they have a tendency to
only focus on reaching the next base before the baseball does. During this time, economy
of movement is sacrificed as players attempt to simply run faster. Effective baserunning
also takes into account the condition of the field, the leading off distance, the
aggressiveness of the player, the pitcher’s time for delivery, and the catcher’s throwing
ability (Southworth, 1989). Even with these factors, Alston and Weiskoff (1984) still
believe that speed is the dominant factor in baseball, both defensively and offensively. If
baseball players knew how to alter their fast-running technique to become more like a
proper-sprinting technique, the baserunning process could be more successful.
A change from fast running to sprinting would require alterations in form. Some
of these changes that need to be made will involve repositioning the body to achieve
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minimal braking and maximal forward acceleration and maximizing hip flexion angular
velocity because it has an inverse relationship with braking forces. According to Kivi ,
Maraj and Gervais (2002), the braking force will be reduced by increasing the angular
velocity at the hip, showing a quicker recovery of the leg.
Another area of form difference between sprinting and fast running lie in the
contact or stance time. Different top speeds of human runners are determined by the
amount of force applied to the ground rather than how rapidly limbs are repositioned in
the air (Weyand, Sternlight, Bellizzi & Wright, 2000). A shorter contact time will lead to
a decrease in the breaking force and will allow the athlete to reposition their limbs to the
required position.
The purpose of this study was to examine the differences in technique between
sprinters and baseball players while running at maximal speeds.
Methods
Twenty male NCAA Division I athletes participated in this study. Ten were
members of the BYU Men’s Track and Field Team specializing in the 100 m or 200 m
sprint or the 100 m hurdle races. The remaining ten subjects were members of the BYU
Baseball Team who run the bases as part of their game and practice. The subjects were
free from any injury that would impair their running ability. Informed consent was given
prior to participating in this study. The University Institutional Review Board approved
this study.
There were two parts to this study: a pilot study and a maximal speed run. The
pilot study was conducted with the subjects in the baseball group to determine when and

5
where they reached their top speed in an 80 m run. A pilot study was not conducted with
the sprinters because previous studies have already concluded that, on average, sprinters
reach their top speed between 60 m and 70 m. After the subjects performed a warm-up,
similar to one they would use in practice, they were fitted with track spikes, similar to the
ones the sprinters wear. The subjects were instructed to perform a light run around the
track to familiarize themselves with the spikes. Timing lights were set up along a straight
stretch of 80 m on the outdoor track in 10 m intervals starting at the 20 m mark. Subjects
performed an all-out, 80 m sprint as their 10 m split times were recorded (Table 1). From
this we were able to determine that the baseball subjects reached their top speed between
30 m and 40 m.
All subjects reported to the outdoor track on one occasion for the maximal speed
run wearing track spikes. Timing lights and the Basler A602 (Basler Vision
Technologies, Ahrensburg, Germany) video camera, running at 180 hz, were placed at
the 10-meter mark where the subjects reached their top speed, (30-40 m mark for the
baseball players and 60-70 m mark for the sprinters). As the subjects completed their
maximal run, the timing lights captured their fastest 10 m split time as the video camera
captured at least one complete stride.
The film captured from the video camera was entered into the Peak Motus System
(Peak Performance Technologies, Inc.,Centennial, Colorado). One complete stride was
digitized for each subject to determine minimum knee flexion, minimum hip angle, knee
extension at toe-off, contact time, stride length, center of mass position at touchdown,
recovery knee angle at touchdown and shank angle at touchdown.
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The10 m split time was taken at the expected location of each group’s top speed.
The minimum knee angle refers to the angle of the knee of the recovery leg when the
knee is at its highest point (Figure 1). The hip angle, or thigh amplitude, refers to the
angle of the hip also when the knee is at its highest point (Figure 2). Knee extension at
toe off refers to the angle of extension of the knee at toe off; a minimum amount of
extension is sought after (Figure 3). Contact time refers to amount of time, in seconds,
the foot is on the ground; a shorter contact time will decrease the braking forces. Stride
length refers to the length of the stride, in meters, from the left foot to the right or vice
versa. With regards to the center of mass, at touchdown, it should be more anterior
relative to the foot. The recovery knee at touchdown refers to the angle between the
recovery knee and the support knee; the recovery knee should be more anterior. The
shank angle at touchdown refers to the angle of the lower leg from the ankle to the knee
at touchdown. All of these variables are important factors to increase the angular
velocity to create a quick recovery leg. The eight dependant variables were compared
between sprinters (N = 10) and the baseball players (N = 10) with speed used as a
covariate by using ANOVA.
Results
Significant differences were found between the two subject groups for seven of
the nine dependent variables, with speed as a covariate, as seen in Table 2. There are
significant differences in sprinting technique between sprinters and baseball players. The
significant differences lie in the 10 m split time, minimum knee flexion, minimum hip
angle, knee extension at toe off, contact time, stride length, and center of mass at
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touchdown. It was found that the sprinters displayed a smaller minimum knee flexion
and minimum hip angle, displayed a lesser knee extension at toe off, a shorter contact
time, longer stride length and a center of mass more posterior relative to the foot. The
sprinters also displayed an overall faster 10 m split time. However, a significant
difference was not seen with the shank angle at touchdown (p = 0.359) or recovery knee
position at touchdown (p = 0.259).
Discussion
Our purpose for this study was to determine if and what differences exist between
baseball players and sprinters while sprinting. We chose to focus on baseball players
because there have not been any known studies looking at running technique in baseball.
Alston and Weiskoff (1984) have stated that a fast baseball player running the base paths
will change the defensive alignments by unnerving the pitcher and the fielders, and by
forcing the pitchers to throw more fastballs, which gives the batters better pitches to hit.
As we found, baseball players reach their top speeds between 30 m and 40 m, however,
the base paths are only 27.43 m. Still, in some cases, baseball players may be close to
their top speed as they pass the base. There are also times when they will reach their top
speed, for example when rounding one base to continue on to another. Even though
deceleration would occur when rounding the first base, they would have a “running start”
to help them reach their top speed. It could be assumed that training baseball players to
have a faster top speed would also require training them to have a faster acceleration so
they would reach their top speed before they reached base. The relationship between

8
speed of acceleration and actual top speed is another idea that would need to be proven
through another study.
When a sprinter’s knee is not fully extended at toe-off, the body is better
positioned to place the same knee more anterior at touchdown especially when a smaller
knee angle is utilized as the sprinters in this study demonstrated. The smaller knee angle
exhibited by the sprinters allowed them to swing the leg through quicker due to the lower
inertia created. With the leg leaving the ground sooner and swinging through quicker, an
optimal hip angle can be positioned. By optimizing the hip angle, the range of motion of
the joint will be increased allowing more work to be done to the leg as it drives towards
the ground. This action will produce a shorter contact time, which has a direct
relationship with speed; a shorter contact time will lead to an increase in speed.
The center of mass at touchdown should be more anterior relative to the foot to
maintain positive acceleration. Opposite from what was expected, the center of mass was
found to be more anterior in the baseball players. However, the hip and knee angles were
sufficiently minimized in the sprinters to produce a quick recovery of the leg and allow
the sprinting motion to continue to be optimized. This was demonstrated by the
minimum hip angle being smaller among the sprinters and while statistically nonsignificant, the recovery knee was, on average, more anterior at touchdown. Having the
recovery knee more anterior at touchdown places the runner in a better position to create
an optimal hip angle.
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Conclusion
Sprinters and baseball players do display significant differences in their sprinting
technique. Proper sprint training during baseball practice could prove to be beneficial to
baseball players on several levels; however, further research would need to be conducted
to support this claim. Future studies would also need to consider the physiological
differences between the subjects when looking at the biomechanical differences.
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Table 1. Pilot Study—10 m Split Times, (in Seconds) of Baseball Players
Subject Number

20-30 m

30-40 m

40-50 m

50-60 m

1

1.15

1.11

1.11

1.13

2

1.13

1.08

1.07

1.12

3

1.16

1.08

1.12

1.11

4

1.13

1.07

1.07

1.11

5

1.12

1.08

1.09

1.09

6

1.12

1.09

1.10

1.14

7

1.14

1.09

1.10

1.12

Average

1.14

1.09

1.10

1.12

S.D.

0.02

0.01

0.02

0.02
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Table 2. Summary of Dependent Variables With Speed as a Covariate
Variable

p value

Sprinters
Avg + SD

Baseball
Avg + SD

10-meter Split Time

0.041

1.06 + 0.05

1.10 + 0.04

Minimum Knee Angle

0.001

32 + 8

54 + 10

Minimum Hip Angle

0.001

101 + 8

124 + 10

Knee Extension at Toe Off

0.001

151 + 7

165 + 6

Contact Time

0.048

0.11 + 0.01

0.12 + 0.01

Stride Length

0.001

4.45 + 0.22

3.77 + 0.40

Center of Mass at Touchdown

0.022

0.38 + 0.04

0.31 + 0.07

Recovery Knee at Touchdown

0.259*

0.18 + 0.07

0.21 + 0.05

Shank Angle at Touchdown

0.359*

1.80 + 2.39

-0.26 + 3.71

* Variables that are not statistically significant
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Figure Legends
Figure 1. Subject Depicting Minimum Knee Angle
Figure 2. Subject Depicting Minimum Hip Angle
Figure 3. Subject Depicting Knee Extension at Toe Off
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Figure 1. Minimum Knee Angle
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Figure 2. Minimum Hip Angle
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Figure 3. Knee Extension at Toe Off
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Appendix A
Prospectus
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Chapter 1
Introduction
Varieties of athletes need to be able to run fast in their specific athletic
disciplines. Track sprinters and baseball players are two different types of athletes that
not only implement running fast but also implement sprinting. However, sprinting is not
just running fast, it is a separate form of running, with distinct differences in technique.
Sprinting is associated with power and speed; whereas other running is often focused on
maximizing economy. According to Alston and Weiskoff (1984), speed on the base
paths is a dominant factor in baseball. They continue by stating that the speed of the
baseball player will change the defensive alignments by unnerving the pitcher and the
fielders, and by forcing the pitchers to throw more fastballs, which gives the batters better
pitches to hit. Sprinters exhibit high speed and explosive movement as they run down the
track; whereas baseball players have a tendency to only focus on reaching the next base
before the baseball does. During this time, economy of movement is sacrificed as players
attempt to simply run faster. Effective baserunning also takes into account the condition
of the field, the leading off distance, the aggressiveness of the player, the pitcher’s time
for delivery, and the catcher’s throwing ability (Southworth, 1989). Even with these
factors, Alston and Weiskoff (1984) still believe that speed is the dominant factor,
defensively and offensively, in baseball. If baseball players knew how to alter their fastrunning technique to become more like proper-sprinting technique, the baserunning
process could be more successful.
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Some of the changes that need to be made will involve repositioning the body to
achieve minimal braking and maximal forward acceleration. Hip flexion angular velocity
also needs to maximized because it has an inverse relationship with braking forces.
According to Kivi , Maraj and Gervais (2002), by increasing the angular velocity at the
hip, showing a quicker recovery of the leg, the braking force will be reduced.
Another area of focus between sprinting and fast running involves the contact or
stance time. Different top speeds of human runners are determined by the amount of
force applied to the ground rather than how rapidly limbs are repositioned in the air
(Weyand, Sternlight, Bellizzi, & Wright, 2000). If the foot is not off the ground quickly,
the runner will not have enough time to get the required positions.
In order to understand if these technique variations are inherent or learned,
technique analysis of sprinters and baseball players needs to be completed. This study
will determine whether the technique of sprinters and baseball players is different at
equal and maximal speeds.
Purpose Statement
The purpose of this study is to compare the differences in technique between
sprinters and baseball players while running at maximal speeds.
Hypothesis
The sprinters and the baseball players will differ in running techniques in the
following ways:
1. Center of mass closer to foot at contact
2. Shorter contact time
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3. Greater thigh amplitude
Null Hypothesis
The sprinters and baseball players will maintain similar running techniques.
Operational Definitions
Leg Stiffness—Stiffness of the integrated musculoskeletal system during
locomotion.
Spring-mass Model—A single linear “leg spring” and a point-mass equivalent to
the mass of the body.
Step –Foot contact of one foot until contact of the opposite foot.
Stride—Two steps in a row; a stride is completed when the feet regain the initial
relative positions.
Thigh Amplitude—During flight, the minimum angle between the vertical axis
and the thigh of the lead leg.
Assumptions
1.

Sprinters have been involved in sprinting for a long enough time to exhibit
consistent technique.

2.

The subjects will run at their maximal speed during the maximal run test.

3.

All equipment will be calibrated and used correctly.

Delimitations
The sample will include members of the BYU men’s track and field team and the
BYU baseball team.
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Limitations
1.

Subjects will be recruited on a volunteer basis rather than using a random sample.

2.

The majority of the subjects’ racial status will be Caucasian.

3.

The subjects involved will be highly experienced collegiate athletes.

4.

The baseball players will run in unfamiliar settings.

Significance of Study
The significance of this study involves two areas. The first area involves the
technique differences between the two groups of athletes. We know that the two groups
of athletes should use the same mechanical pattern of running, but do they? If they do
not, what are the specific differences? Video and computer analysis will help us
determine what the differences are. The second area of significance includes training
adaptations. If baseball players are not executing proper sprinting technique, changes to
their training regimen can be introduced. When a baseball player is either stealing a base
or running the bases, he is only concerned with reaching the end point as soon as
possible. It is during this time that the baseball player needs to be able to implement the
proper sprinting technique to create more power and speed and an edge over their
opponent. With the results of this study, we can provide answers to these two areas of
concern. The purpose of this study is to examine the differences, if any, between baseball
players and sprinters.
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Chapter 2
Review of Literature
Varieties of athletes need to be able to run fast in their specific athletic
disciplines. Track sprinters and baseball players are two different types of athletes that
not only implement running fast but also implement sprinting. However, sprinting is not
just running fast, it is a separate form of running. There are distinct differences in
technique that separate running fast and sprinting. Sprinting is associated with power and
speed; whereas running fast is focused on getting to the endpoint as fast as possible. The
differences we expect to see between these two groups is the sprinters exhibiting a shorter
contact time, a more acute angle of knee flexion and thigh amplitude when compared to
the baseball players. According to Alston and Weiskoff (1984), speed on the base paths
is a dominant factor in baseball. They continue by stating that the speed of the baseball
player, will change the defensive alignments by unnerving the pitcher and the fielders and
by forcing the pitchers to throw more fastballs, which gives the batters better pitches to
hit. Sprinters exhibit high speed and explosive movement as they run down the track,
whereas baseball players have a tendency to only focus on reaching the next base before
the baseball does. During this time, economy of movement is sacrificed as players
attempt to simply run faster. Effective baserunning also takes into account the condition
of the field, the leading off distance, the aggressiveness of the player, the pitcher’s time
for delivery, and the catcher’s throwing ability (Southworth, 1989). Even with these
factors, Alston and Weiskoff (1984) still believe that speed is the dominant factor,
defensively and offensively, in baseball. If baseball players knew how to alter their fast-
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running technique to become more sprint-like, the baserunning process could be more
successful.
Sprinting performances rely strongly on a fast acceleration at the start of a sprint
and on the capacity to maintain a high velocity in the phase following the start (Van
Ingen Schenau, de Koning, & Groot, 1994). The acceleration phase of sprinting is
important when covering the sprinting distance in a short period of time. During the
second phase of sprinting, optimizing the mean velocity is critical. Whereas the first
phase concentrates on the rate of change of the kinetic energy, van Ingen Schenau et al.
(1994) have found that in the second phase the energy costs are now considerably less
ambiguous to identify. The maximal velocity an athlete is able to achieve during a sprint
is influenced by technique, training, equipment, posture, and body composition. Running
velocity is the product of stride rate and stride length. Mero, Komi, and Gregor (1992)
have stated that, “ near top speed runners increase their velocity by increasing stride rate
to a relatively greater extent than stride length.”
Even though sprinting is focused on power and speed, a balance must exist
between the two elements. Cavagna, Komarek and Mazzoleni (1997) studied the power
output at each step during sprint running from the start to the maximal velocity. They
found that the maximal power generated by the contractile component of the leg muscles
increased as speed increased. From their findings they suggested that sprint runners use
work absorbed in the leg muscles (negative work) at high speeds to release further
positive work to increase their power output. Although sprint performance undoubtedly
involves muscle power, the stiffness of the leg is also a factor in determining sprint
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performance while running at maximal velocity (Chelly & Denis, 2000). Previous
studies have shown that a stiffer leg spring allows humans to run with a higher stride
frequency at the same forward speed.
During hopping, trotting, and running, the actions of the body’s numerous
musculoskeletal springs are combined so that the overall musculoskeletal system behaves
as a single linear spring (Ferris & Farley, 1997). From this combination, the mechanics
of running can be described by a spring-mass model. The model consists of a single
linear “leg spring” and a point-mass equivalent to the center of mass of the body.2
According to Ferris and Farley (1997), the stiffness of the leg spring represents the
stiffness of the integrated musculoskeletal system during locomotion. In addition, this
stiffness governs the mechanics of the interaction between the musculoskeletal system
and the external environment during the ground-contact phase of locomotion.
Ferris and Farley (1997) conducted a study to determine whether the stiffness of
the leg is adjusted to accommodate changes in surface stiffness during bouncing gaits.
Several aspects of the mechanics of bouncing gaits, including peak ground reaction force,
stride frequency, and ground contact time, depend on leg spring stiffness. Five healthy
subjects were used for this study; each subject completed two tests. The first test
consisted of hopping at a consistent frequency (2 Hz) on surfaces with a range of
stiffnesses (26.1, 31.5, 37.6, 43.1, and 50.1 kN/m). The second test had the subjects hop
at increasing frequencies (2.0, 2.4, 2.8, and 3.2 Hz) on an elastic surface (50.1 kN/m) and
an extremely stiff surface (35,000 kN/m). They found that the stiffness of the leg spring
remains nearly the same at all forward speeds. Their findings supported their hypothesis
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that humans adjust their leg spring stiffness to accommodate different surface stiffnesses.
Another study conducted by Farley and Gonzalez (1996) discovered from force platform
measurements that running animals, including humans, display a leg spring stiffness that
remains nearly the same at all speeds and that the spring-mass system is adjusted for
higher speeds by increasing the angle swept by the leg spring.
Based on his previous study, Farley and Gonzalez (1996) conducted a subsequent
study with the hypothesis that runners would adjust leg stiffness to accommodate
different surface stiffnesses, allowing them to run in a similar manner on all surfaces.
Their measurements were taken by looking at the runners adjusting their leg stiffness
when running on different surface stiffnesses, by observing if their ground contact time
and center of mass displacement would increase as surface stiffness decreases. They
found that the runners maintained the same effective vertical stiffness on all the surfaces
by increasing leg stiffness to offset reductions in surface stiffness. They also found that
the total vertical displacement of the runners’ center of gravity during ground contact
remained the same on all of the surfaces. Because leg stiffness was adjusted to keep
vertical stiffness constant, several aspects of running remained the same in spite of
surface stiffness. Ferris et al.’s (1996) findings supported their hypothesis and they
concluded that human runners adjust their leg spring stiffness to accommodate changes in
surface stiffness, which allows them to maintain similar running mechanics on different
surfaces.
In contrast to straight sprinting, as demonstrated by track and field athletes, a
team sport athlete runs with a relatively lower center of gravity, more forward lean,
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slouched upper body, less knee flexion during leg recovery, and a lower knee lift (Sayer,
2000). Young, James, and Montgomery (2002) conducted a study to identify the
relationship between leg muscle power and sprinting speed, with changes in direction.
They suggested that a lower center of gravity would seem to be advantageous for quickly
producing lateral forces to the ground to evoke opposite ground reaction forces for
sideways movements. They also thought that to produce a fast change of direction it
would be desirable to achieve a relatively short ground contact time and small flexion at
the hip, knee, and ankle joints. The tests they used rationalized that muscle power
becomes more important as directional changes are sharper, due to the need to apply
greater medio-lateral forces to the ground. They found, however, that there was not a
consistent relationship between leg muscle power and change-of-direction speed, and that
other technical and perceptual factors influence the performance and need to be taken
into consideration.
Kivi, Maraj, and Gervais (2002) conducted a study looking at the differences that
occur at each stage of velocity increase. Their results help to show differences between
runners and sprinters concerning key factors such as hip and knee angles and hip and
knee velocities during both flexion and extension. Since sprinters train at high speeds,
the increased speed led to the sprinters minimizing the angle of knee flexion during
recovery, keeping a constant maximum angle of hip extension and knee extension during
toe-off, which will limit the lower-leg range of motion. A lower-leg range of motion will
minimize ground contact time, which will allow the leg to recover faster.
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Weyand, Sternlight, Bellizzi, and Wright (2000) conducted a study testing the
hypothesis that top running speeds are determined by the amount of force applied to the
ground rather than how rapidly limbs are repositioned in the air. Previous studies have
shown that contact lengths at intermediate and high speeds do not vary substantially, and
that faster runners take considerably longer strides. These results led Weyand et al.
(2000) to consider that faster runners apply greater support forces to the ground. What
they found was that runners will reach faster top speeds by applying greater support
forces to the ground rather than repositioning their limbs more rapidly in the air.
According to Munro, Miller, and Fuglevand (1987) almost all ground reaction force
descriptor variables are running-speed dependent, and it is essential to take this factor
into consideration when assessing running. The most important characteristic that will
lead to high ground reaction forces and short contact time is minimal vertical movements
of the body (Heise & Martin, 2001).
Running speed is a key element in baseball. Having a baseball player run in a
more sprint-like manner is a great advantage for the team both offensively and
defensively. Running fast and sprinting are two different running techniques. As the
aforementioned experiments have shown, biomechanical analysis can identify and
evaluate the differences in running technique. The leg stiffness of a runner, described by
the spring-mass model, will adapt to the changing surface stiffnesses. This adaptation
will allow runners to use similar running mechanics on different surfaces, which will
allow proper sprinting technique to be used in several different athletic disciplines. In
discussing what we expect to find through our testing, we feel that the running
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differences found between the sprinters and the baseball players will be more fully
understood. We expect to see differences in that the sprinters will exhibit a shorter
contact time, a more acute angle of knee flexion, and thigh amplitude when compared to
the baseball players. If we find our hypothesis to be correct, we can move towards
creating a biomechanical analysis that can help the baseball players learn and develop the
proper sprinting technique to become faster runners.
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Chapter 3
Methods
Subjects
The subjects for this study will include ten sprinters from the BYU Men’s Track
and Field team and ten members of the BYU Baseball team. Those included in the
sprinting group will be athletes who specialize in the 100m or 200m sprint, or the100m
hurdle races. The baseball group will include players who run the bases as part of their
game and practice performance. Each participant will volunteer for the study and will be
given informed written consent to serve as a subject.
Instruments/Apparatus
The outdoor track at Brigham Young University will be used for the pilot study
and for the maximal speed run. For the pilot study, timing-lights will be used to
determine when and where the baseball players reach their top speed. For the maximal
speed run, a running distance of 80 meters will be marked on the track with timing lights
placed between the 60 and 70-meter mark for the sprinters and the distance for the
baseball players will be determined from the pilot study. A Basler A602 (Ahrensburg,
Germany) video camera will be used, with sampling conducted at 180 Hz, for capturing
video on each subject. The Peak Motus System (Centennial, Colorado) will be used to
collect data on the coordinates of the moving points through the sprinting motion. With
these coordinates, accurate, biomechanical data are produced (Peak,). Peak will be used
to analyze data concerning stride length, contact time, stride rate, knee flexion in the
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recovery leg, position of foot relative to center of mass at touchdown, knee extension at
take-off, thigh amplitude, and forward position of recovery knee at touchdown.
Procedures
This study will contain two parts. The first will involve a pilot study with the
baseball players to determine at what point during the 80m run each player reaches their
top speed. The pilot study will be conducted on the outdoor track at Brigham Young
University. The subjects will complete a warm-up, that follows their normal routine, and
then perform an all-out, maximal run. Before the maximal run, the baseball players will
complete a familiarization run around the track to become acquainted with running while
wearing track spikes. Timing lights will be placed at10-meter increments throughout the
run, starting at the 20-meter mark. The subjects 10-meter split times will be recorded,
from which we will be able to determine where during the 80-meter run they reached
their top speed. The second part of the study will involve each subject performing a
maximal sprinting test. The test will be completed on the outdoor track at Brigham
Young University. Each subject will complete a warm-up that follows their normal
warm-up routine, a practice run and a maximal speed run. After the practice run, each
subject will rest for a period of at least five minutes and then complete their maximal
speed run. Only one test run will be performed to minimize subsequent testing errors.
Each subject will be filmed as they run through a set ten-meter marking that includes
where the subject reaches their top speed. This will allow the camera to capture at least
one-and-a-half complete strides. By using the Peak Motus System, each subject’s stride
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length, contact time, stride rate, knee flexion, knee extension, thigh amplitude, and center
of gravity will be measured.
Statistical Analysis
ANOVA will be used as a statistical treatment to compare each dependant
variable, after accounting for speed, between the two groups. Alpha will be set at p
<0.05. The reason we chose to set alpha at p <0.05 is that this is an exploratory study and
we want to avoid Type I error. As a result of the statistical analysis, a list of findings
will be made. From these findings, conclusions and recommendations will be drawn.
Our goal is to test our null hypothesis and determine that there is not a difference between
the two groups with respect to their scores on the test.
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Table B1. Table of Appendix B Tables
Table

Title

B2
B3
B4
B5
B6
B7
B8
B9
B10
B11
B12
B13
B14
B15
B16
B17
B18
B19
B20
B21

Summary of Subject 1 (Sprinter)
Summary of Subject 2 (Sprinter)
Summary of Subject 3 (Sprinter)
Summary of Subject 4 (Sprinter)
Summary of Subject 5 (Sprinter)
Summary of Subject 6 (Sprinter)
Summary of Subject 7 (Sprinter)
Summary of Subject 8 (Sprinter)
Summary of Subject 9 (Sprinter)
Summary of Subject 10 (Sprinter)
Summary of Subject 11 (Baseball Player)
Summary of Subject 12 (Baseball Player)
Summary of Subject 13 (Baseball Player)
Summary of Subject 14 (Baseball Player)
Summary of Subject 15 (Baseball Player)
Summary of Subject 16 (Baseball Player)
Summary of Subject 17 (Baseball Player)
Summary of Subject 18 (Baseball Player)
Summary of Subject 19 (Baseball Player)
Summary of Subject 20 (Baseball Player)
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Table B2. Summary of Subject 1 (Sprinter)
Time (s)
Peak Knee Flexion (deg)
Peak Hip Angle (deg)
Knee Extension at Toe-off (deg)
Contact Time (s)
Stride Length (m)
Center of Mass at Touchdown (m)
Recovery Knee at Touchdown (m)
Shank Angle at Touchdown (deg)

1.05
38.3
95
149.40
0.106
4.313
0.328
0.123
0

Table B3. Summary of Subject 2 (Sprinter)
Time (s)
Peak Knee Flexion (deg)
Peak Hip Angle (deg)
Knee Extension at Toe-off (deg)
Contact Time (s)
Stride Length (m)
Center of Mass at Touchdown (m)
Recovery Knee at Touchdown (m)
Shank Angle at Touchdown (deg)

1.05
39.7
100
160.0
0.104
4.116
0.377
0.135
0

Table B4. Summary of Subject 3 (Sprinter)
Time (s)
Peak Knee Flexion (deg)
Peak Hip Angle (deg)
Knee Extension at Toe-off (deg)
Contact Time (s)
Stride Length (m)
Center of Mass at Touchdown (m)
Recovery Knee at Touchdown (m)
Shank Angle at Touchdown (deg)

1.11
24.9
101
157.5
0.120
4.725
0.438
0.186
4
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Table B5. Summary of Subject 4 (Sprinter)
Time (s)
Peak Knee Flexion (deg)
Peak Hip Angle (deg)
Knee Extension at Toe-off (deg)
Contact Time (s)
Stride Length (m)
Center of Mass at Touchdown (m)
Recovery Knee at Touchdown (m)
Shank Angle at Touchdown (deg)

1.08
32.2
111
146.0
0.100
4.352
0.353
0.153
2

Table B6. Summary of Subject 5 (Sprinter)
Time (s)
Peak Knee Flexion (deg)
Peak Hip Angle (deg)
Knee Extension at Toe-off (deg)
Contact Time (s)
Stride Length (m)
Center of Mass at Touchdown (m)
Recovery Knee at Touchdown (m)
Shank Angle at Touchdown (deg)

1.07
31.3
98
138.4
0.122
4.418
0.406
0.095
3

Table B7. Summary of Subject 6 (Sprinter)
Time (s)
0.99
Peak Knee Flexion (deg)
31.5
Peak Hip Angle (deg)
89
Knee Extension at Toe-off (deg)
154.7
Contact Time (s)
0.116
Stride Length (m)
4.612
Center of Mass at Touchdown (m)
0.414
Recovery Knee at Touchdown (m)
0.268
Shank Angle at Touchdown (deg)
1
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Table B8. Summary of Subject 7 (Sprinter)
Time (s)
Peak Knee Flexion (deg)
Peak Hip Angle (deg)
Knee Extension at Toe-off (deg)
Contact Time (s)
Stride Length (m)
Center of Mass at Touchdown (m)
Recovery Knee at Touchdown (m)
Shank Angle at Touchdown (deg)

1.04
31.2
101
158.6
0.100
4.178
0.303
0.166
-1

Table B9. Summary of Subject 8 (Sprinter)
Time (s)
Peak Knee Flexion (deg)
Peak Hip Angle (deg)
Knee Extension at Toe-off (deg)
Contact Time (s)
Stride Length (m)
Center of Mass at Touchdown (m)
Recovery Knee at Touchdown (m)
Shank Angle at Touchdown (deg)

1.15
15.9
99
146.0
0.111
4.533
0.359
0.190
7

Table B10. Summary of Subject 9 (Sprinter)
Time (s)
Peak Knee Flexion (deg)
Peak Hip Angle (deg)
Knee Extension at Toe-off (deg)
Contact Time (s)
Stride Length (m)
Center of Mass at Touchdown (m)
Recovery Knee at Touchdown (m)
Shank Angle at Touchdown (deg)

1.08
30.2
101
141.7
0.124
4.777
0.359
0.313
0
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Table B11. Summary of Subject 10 (Sprinter)
Time (s)
Peak Knee Flexion (deg)
Peak Hip Angle (deg)
Knee Extension at Toe-off (deg)
Contact Time (s)
Stride Length (m)
Center of Mass at Touchdown (m)
Recovery Knee at Touchdown (m)
Shank Angle at Touchdown (deg)

0.99
41.9
120
154.3
0.132
4.441
0.376
0.174
2

Table B12. Summary of Subject 11 (Baseball Player)
Time (s)
Peak Knee Flexion (deg)
Peak Hip Angle (deg)
Knee Extension at Toe-off (deg)
Contact Time (s)
Stride Length (m)
Center of Mass at Touchdown (m)
Recovery Knee at Touchdown (m)
Shank Angle at Touchdown (deg)

1.06
46.1
130
164.04
0.116
3.91
0.447
0.278
2

Table B13. Summary of Subject 12 (Baseball Player)
Time (s)
Peak Knee Flexion (deg)
Peak Hip Angle (deg)
Knee Extension at Toe-off (deg)
Contact Time (s)
Stride Length (m)
Center of Mass at Touchdown (m)
Recovery Knee at Touchdown (m)
Shank Angle at Touchdown (deg)

1.09
58.8
123
163.82
0.122
3.83
0.310
0.218
-2
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Table B14. Summary of Subject 13 (Baseball Player)
Time (s)
Peak Knee Flexion (deg)
Peak Hip Angle (deg)
Knee Extension at Toe-off (deg)
Contact Time (s)
Stride Length (m)
Center of Mass at Touchdown (m)
Recovery Knee at Touchdown (m)
Shank Angle at Touchdown (deg)

1.08
49.4
136
170.05
0.127
3.69
0.384
0.276
-1

Table B15. Summary of Subject 14 (Baseball Player)
Time (s)
Peak Knee Flexion (deg)
Peak Hip Angle (deg)
Knee Extension at Toe-off (deg)
Contact Time (s)
Stride Length (m)
Center of Mass at Touchdown (m)
Recovery Knee at Touchdown (m)
Shank Angle at Touchdown (deg)

1.17
61.8
115
155.84
0.116
4.42
0.255
0.185
-8

Table B16. Summary of Subject 15 (Baseball Player)
Time (s)
Peak Knee Flexion (deg)
Peak Hip Angle (deg)
Knee Extension at Toe-off (deg)
Contact Time (s)
Stride Length (m)
Center of Mass at Touchdown (m)
Recovery Knee at Touchdown (m)
Shank Angle at Touchdown (deg)

1.19
45.2
122
161.75
0.127
3.69
0.224
0.134
-2
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Table B17. Summary of Subject 16 (Baseball Player)
Time (s)
Peak Knee Flexion (deg)
Peak Hip Angle (deg)
Knee Extension at Toe-off (deg)
Contact Time (s)
Stride Length (m)
Center of Mass at Touchdown (m)
Recovery Knee at Touchdown (m)
Shank Angle at Touchdown (deg)

1.11
55.7
110
157.42
0.127
3.85
0.297
0.123
0

Table B18. Summary of Subject 17 (Baseball Player)
Time (s)
Peak Knee Flexion (deg)
Peak Hip Angle (deg)
Knee Extension at Toe-off (deg)
Contact Time (s)
Stride Length (m)
Center of Mass at Touchdown (m)
Recovery Knee at Touchdown (m)
Shank Angle at Touchdown (deg)

1.13
39.3
117
163.35
0.133
4.08
0.255
0.193
6

Table B19. Summary of Subject 18 (Baseball Player)
Time (s)
Peak Knee Flexion (deg)
Peak Hip Angle (deg)
Knee Extension at Toe-off (deg)
Contact Time (s)
Stride Length (m)
Center of Mass at Touchdown (m)
Recovery Knee at Touchdown (m)
Shank Angle at Touchdown (deg)

1.11
55.6
113
168.18
0.116
3.61
0.320
0.227
-1

43
Table B20. Summary of Subject 19 (Baseball Player)
Time (s)
Peak Knee Flexion (deg)
Peak Hip Angle (deg)
Knee Extension at Toe-off (deg)
Contact Time (s)
Stride Length (m)
Center of Mass at Touchdown (m)
Recovery Knee at Touchdown (m)
Shank Angle at Touchdown (deg)

1.06
48.6
128
171.21
0.116
3.78
0.301
0.237
-1

Table B21. Summary of Subject 20 (Baseball Player)
Time (s)
Peak Knee Flexion (deg)
Peak Hip Angle (deg)
Knee Extension at Toe-off (deg)
Contact Time (s)
Stride Length (m)
Center of Mass at Touchdown (m)
Recovery Knee at Touchdown (m)
Shank Angle at Touchdown (deg)

1.10
75.8
142
174.92
0.133
2.85
0.351
0.244
4
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Suggestions for Future Research
1. Determine if training the baseball players to have a faster top speed would also train
them to have a faster acceleration so that they would reach their top speed before they
reached base.
2. Determine what changes occur in the running patterns of baseball players when they
round the bases.
3. How does leading off the base affect the running pattern?
4. Is it more effective to slide or run through the base (first and home base) if top speed
is achieved before they reach the base?
5. Are there physiological differences between baseball players and sprinters that would
hinder the baseball players from being able to train to have a faster acceleration an top
speed?

